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Abstract— As part of Environmental Impact Assessments 
(EIAs), accidental oil spills are modelled to identify potential 
impacts on the marine environment. These applications require 
first to construct and calibrate a hydrodynamic model using 
metocean data, and then to define the scenario of the oil spill 
(type of release, volume, oil type, physical properties of the oil). 
A case study off the Gabonese coast is presented. It includes 
two cases of predefined risk: a vessel collision and a subsurface 
blowout during offshore drilling. Results are analysed by 
means of oil slick trajectories, maps of nearshore area 
impacted and mass evaporated. 
I. INTRODUCTION 
The project under assessment is the drilling of one 
exploration well. The main purpose of the well is to confirm 
the presence of hydrocarbon reservoirs, previously identified 
during a seismic acquisition campaign. Drilling operations 
are done using an ultra-deepwater dynamically positioned 
drillship. The drilling block is located in the Gabon Sea. The 
oil spill module included in the TELEMAC-MASCARET 
suite is used to simulate the impact of an accidental vessel 
collision and a subsurface blowout. It represents the oil slick, 
its transport by currents and wind, its spreading, and its 
evaporation. Firstly, the construction and calibration of the 
hydrodynamic model are described. Then the characteristics 
of the oil spill model and its results are presented. 
II. HYDRODYNAMIC MODEL 
A. Model Grid and Bathymetry 
The horizontal model grid is composed of 2078 grid 
nodes and 4011 triangles (Fig. 1). Model grid size ranges 
from 20km offshore to 7km along the coast. The model 
covers a rectangular domain parallel to the Gabonese coast, 
south of Cap Lopez. It is approximately 550km long and 
300km large. Two datasets are used for the bathymetry: 
 General Bathymetric Chart of the Oceans 
(GEBCO): used in area deeper than 200 meters; 
 Data from marine charts: used in area shallower 
than 200m. 
Model geographical coordinates are in UTM 32S. Vertical 
coordinates are relative to Mean Sea Level (MSL). 
 
 
Figure 1. Model grid and bathymetry, location of the project in red 
B. Forcing data 
The regional model presented above is forced at its 
boundaries with inputs from the following available 
datasets: 
 Wind datasets from the French Research Institute 
for Exploitation of the Sea (IFREMER) and 
available from the Copernicus marine environment 
monitoring services [1]. The IFREMER Global 
Blended Mean Wind Fields include wind 
components (meridional and zonal), wind module, 
and wind stress. The associated error estimates are 
also provided. They are estimated from the 
Advanced SCATterometers (ASCAT) and 
Oceansat-2 scatterometer (OSCAT) retrievals, and 
from the European Centre for Medium Range 
Weather Forecasts (ECMWF) operational wind 
analysis with a horizontal resolution of 0.25x0.25 
degrees, and available at synoptic time 00:00; 
06:00; 12:00; 18:00 since 1 January 2013. 
 Results from a numerical model of the global 
ocean, namely products PSY4V2R1 with a 
resolution of 1/12° degree [2], from the 
Copernicus marine environment monitoring 
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services. The 50-level vertical discretization 
retained for this system has a resolution of 1 m at 
the surface, decreasing to 450 m at the bottom. It 
includes 22 levels within the upper 100 m. This 
product makes use of data assimilation of Sea 
Surface Temperature (SST), sea level and in situ 
temperature and salinity profile. This product 
includes daily mean files of temperature, salinity, 
currents, sea level, mixed layer depth and ice 
parameters from the top to the bottom over the 
global ocean.  
 Tidal elevations from the FES2012 atlas [3]. 
FES2012 is based on the resolution of the tidal 
barotropic equations in a spectral configuration 
using T-UGO model, developed by the French 
research laboratory LEGOS, in collaboration with 
the companies NOVELTIS and CLS. The 
numerical solution is improved by assimilating 
long-term altimetry data (Topex/Poseidon, Jason-
1, Jason-2, ERS-1, ERS-2 and ENVISAT) through 
an improved assimilation method. FES2012 
provides 32 tidal constituents distributed on a grid 
with a resolution of 1/16°. 
C. Model setup and configuration 
The hydrodynamic model accounts for variations of the 
sea surface elevation due to the astronomical tides, and 
variations of horizontal and vertical seawater velocities. The 
water column is divided in 30 vertical levels. Among them, 6 
levels are fixed at a constant depth: -1m, -5m, -10m, -140m, -
500m, and -800m. Other vertical levels are distributed 
uniformly at equal distance between these fixed vertical 
levels. 
Spatial fields of temperature and salinity are prescribed in 
the model using results of the large-scale model PSY4V2R1. 
Temporal variations of temperature and salinity are not 
modelled, to reduce computational time and under the 
approximation that they are negligible over monthly 
timescale. 
The model is forced on the lateral boundary by the zonal 
and meridional components of the daily velocity from 
PSY4V2R1, varying in time and space, and the predicted sea 
surface elevation from FES2012, using the methodology 
developed by ARTELIA [4]. 
The horizontal velocity field at the surface is constantly 
adjusted to fit the outputs from the global model PSY4V2R1. 
PSY4V2R1 provides accurate and robust oceanic parameters 
as it uses data assimilation and state-of-the-art numerical 
methods. This method ensures to get a realistic surface 
velocity field in TELEMAC-3D, representative of seasonal 
trends at the regional scale, and representative of the coastal 
circulation. 
At the surface, the momentum flux induced by wind at 
the sea surface is accounted for. The Gabon Sea is under the 
influence of the trade winds, relatively constant in direction 
and of small intensity throughout the year. Wind statistics on 
the drilling site show a constant wind field directed towards 
the Gabonese coast (westerly wind) with intensity mostly 
from 3 to 6 m/s. 
D. Calibration and validation  
A simulation is made, starting with initial conditions 
(temperature, salinity and horizontal velocity) from 30 
September 2015.  
The tidal elevation at Pointe-Noire is compared with the 
tidal prediction from SHOM (Service Hydrographique et 
Océanographique de la Marine, which is the French National 
Hydrographic Service). The results show the capacity of the 
model to represent the amplitude and phase of the tide at 
Pointe-Noire, which vary in amplitude from 1m to 1.8 m 
between spring tide and neap tide (Fig. 2). The model shows 
a discrepancy of less than 10cm on the amplitude at spring 
tide, and less than 2 cm on the amplitude at neap tide.  
 
Figure 2. Comparaison of the modeled tide and the SHOM tidal 
prediction at Pointe-Noire. 
Results of the horizontal velocity at several depths are 
analysed and compared with the velocity field from 
PSY4V2R1 on 13 October 2015 12:00. 
At the surface and subsurface (Fig. 3), TELEMAC-3D 
represents the differences of the ocean circulation between 
the shelf and the area offshore (depth over -500m): a current 
flows northward along the coastline, with velocity up to 0.6 
m/s. Offshore conditions are characterised by slower motion 
of the water masses, with velocity less than 0.4 m/s. Ocean 
currents direction varies but shows a flow entering at the 
North-western boundaries, flowing broadly to the South-East 
direction before exiting the model through the southern 
boundary. Flow pattern and direction are in agreement with 
PSY4V2R1 flow velocity. TELEMAC-3D shows a slight 
underestimation of the peak flow in two areas: along the 
coast from the southern boundary of the model domain to 
Nyanga, and offshore at the location X=650000m 
Y=9400000m. This difference is less than 0.1m/s on the 
velocity magnitude. 
At the depth of -140 m and -500 m (not shown), velocity 
magnitude is low, around 0.2 m/s, and reaches at maximum 
0.4m/s, in both TELEMAC-3D and PSY4V2R1. Flow 
directions at this level of intensity are highly variables and 
show some discrepancies between TELEMAC-3D and 
PSY4V2R1. 
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In summary, the methodology used in the regional 
TELEMAC-3D model provides a realistic representation of 
the water mass flow, similar to what is provided from outputs 
of a database of the circulation in the southern Atlantic 
Ocean. More specifically, the variation of currents intensity 
between the various depths, and spatial variations of the 
surface current and direction are in agreement in both 
models.
Surface TELEMAC-3D Surface PSY4V2R1 
  
-10m TELEMAC-3D -10m PSY4V2R1 
  
 
Figure 3. Comparison of the velocity field 13 days after the beginning of the simulation between PSY4V2R1 and the regional model based on TELEMAC oil spill 
model for the surface and the depth of -10m. 
III. ACCIDENTAL SPILL DUE TO A VESSEL COLLISION 
A. Input data 
Simulation of the vessel collision is done with the following 
hypothesis (Tab. 1): 
 Instantaneous release of the content of the vessel; 
 Volume based on the vessel capacity; 
 Location of the accident: drilling location ; 
 Content of the discharge: 100% of marine diesel fuel 
oil; 
 Release of 7500 m3. 
 
 
Parameter Value Unit Assumption 
Volume 4769 m3 - 
Duration instantaneous - - 
Release depth 0 m surface 
Percentage of oil 100 % - 
Oil density 981 kg/m3 Marine intermediate fuel oil 
Oil viscosity 25 mm2/s Marine intermediate fuel oil 
 
TABLE 1. SUMMARY TABLE OF INPUT DATA FOR THE VESSEL COLLISSION 
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B. Methodology 
Oil discharged is assumed to be composed with only 
unsoluble components, as information on HAP compounds in 
the oil are not available. The oil slick generated by the accident 
is represented as particles drifting at the surface. 625 particles 
are released from 1October 2015 onwards (1st case) and from 
26th December 2015 onwards (2nd case). The 2nd case shows 
more variations in the direction of the currents compared with 
the 1st case. It also includes a significant unfavourable period 
of time (from 10 to 15 January 2015) when surface currents are 
orientated towards the coast.  
Oil beaching on the shoreline is not activated as the model 
aims at modelling the oil slick at large scale, and oil beaching 
would require detailed bathymetric features along the shore. 
Therefore, each particle is subject to drifting, spreading, 
advection, and evaporation. In the numerical model, the oil is 
considered as a sum of 12 petroleum pseudo-components, each 
characterised by a boiling temperature and fraction. The 
pseudo-components have been calculated from the distillation 
curve of the marine intermediate fuel oil, available from the 
ADIOS-2 software library. The law of Stiver and Mackay [5] is 
used for evaporation of each component of the petroleum. The 
water temperature used for the evaporation law is constant and 
set to 25°C. The determination of the spreading area is 
calculated from the Migr’hycar model [6]. 
C. Results 
Results are analysed using maps of particles distribution 
over the whole domain. The percentage of initial mass 
remaining in each particles is displayed, indicating the 
percentage of oil evaporated (percentage of oil 
evaporated=100-percentage of initial mass). 
In the first case (Fig. 4 and Fig. 5), the oil slick travels 
south-eastwards from 1st to 8th October. 7 days after the release, 
oil particles are distributed off Pointe Noire, and remains off 
the -50m isobath. The evaporated mass represents only 10% of 
the initial mass. Particles start to leave the modelled domain 7 
days after the vessel collision. 
In the second case (Fig. 6 to 10), the oil slick travels 
eastwards, in the direction of the coast. 7 days after the release, 
oil particles reach the -50m isobath. Then in a second phase, 
the oil particles travel southwards, at short distance from the 
coastline, until they reach Pointe-Noire 14 days after the 
release. 12 days after the vessel collision, the coastline is 
impacted between Mayumba and Pointe-Noire. The evaporated 
mass represents only 10% of the initial mass, as in the1st case. 
Figure 4. Oil Slick 3 days after the vessel collision (1st case) 
Figure 5. Oil slick 7 days after the vessel collision (1st case) 
Figure 6. Oil Slick 3 days after the vessel collision (2nd case) 
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Figure 8. Oil Slick 7 days after the vessel collision (2nd case) 
Figure 9. Oil Slick 12 days after the vessel collision (2nd case) 
Figure 10. Oil Slick 14 days after the vessel collision (2nd case) 
 
IV. ACCIDENTAL SPILL DUE TO A SURFACE BLOWOUT 
A. Input data 
Simulation of the surface blowout is done with the following 
hypothesis (Tab. 2): 
 Location of the accident: drilling location; 
 Content of the discharge: 100% of light crude oil 
type Lucina marine;  
 Release of 4769 m3 during 21 days. 
 
parameter Value Unit Assumption 
volume 4769 m3 - 
duration 21 days - 
Release depth 0 m Surface 
Percentage of oil 100 % - 
Oil density 848 kg/m3 Lucina marine 
Oil viscosity 16 mm2/s Lucina marine 
TABLE 2. SUMMARY TABLE OF INPUTS DATA FOR THE SURFACE BLOWOUT 
B. Methodology 
The period from 26 December 2015 to 15 January 2015 has 
been selected for the simulation (2nd case in previous section), 
as it shows more variations in the direction of the currents 
compared with other period of time. Oil discharged is assumed 
to be composed with only unsoluble component in the oil slick, 
as information on HAP compounds in the oil are not available. 
The oil slick generated by the accident is represented as 
particles drifting at the surface. 21 Particles are released every 
24 hours during 21 days from the 26 December onwards, to 
mimic the constant release of oil at the surface during 21 days. 
The processes modelled are identical to the vessel collision 
simulation (i.e. paragraph III B).  
C. Results 
The evolution of the particle distribution with time is 
mapped on Fig. 11 to 14. During the first phase of the surface 
blowout, which lasts approximately 10 days, oil particles tend 
to drift in the North-East direction, towards the coastline. The 
results show that the oil slick reaches the isobath -50m 7 days 
after the beginning of the surface blowout.  
In a second phase, the oil slick drifts towards the South-
East along the coast, under the influence of the coastal 
currents. The oil slick tends to expands with oil particles 
covering a larger surface. The monitoring of the oil particles 
modelled stops at day 22, when particles leave the model 
domain. Oil is likely to be deposited on the coast from the 
south of Mayumba to the Congo River.  
The oil tends to evaporate more rapidly at the beginning, 
during the first days in the seawater. Then the percentage of 
evaporation stabilises around 60% of the initial mass 
discharged at the drilling site, which means that 40% is 
evaporated 22 days after the beginning of the surface blowout.  
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Figure 11. Oil Slick 24 hours after the surface blowout  
 
Figure 12. Oil Slick 7 days after the surface blowout  
 
Figure 13. Oil slick 15 days after the surface blowout 
 
 
Figure 14: Oil slick 20 days after the surface blowout 
V. CONCLUSION 
A numerical model of the Gabon Sea has been constructed, 
based on the TELEMAC-MASCARET suite. It covers the 
coastline from the Congo River mouth at the South to Cap 
Lopez at the North. Its offshore boundary is situated 
approximately at a distance of 320 km from the coast. The 
model is able to reproduce the ocean current. A stratification 
representative of the period of time simulated is accounted for. 
The main forcings are the river Congo, the tide and the wind, 
and the currents in the Gulf of Guinea extracted from the 
outputs of a global ocean model. 
The oil spill module included in the TELEMAC-
MASCARET suite is used to simulate the oil slick generated 
by a vessel collision and a subsurface blowout. It represents the 
oil slick, its transport by currents and wind, oil spreading, and 
oil evaporation. Two types of oil are selected: Lucina marine 
for the subsurface blowout and marine diesel fuel oil in the 
case of the vessel collision. Results show the displacement of 
the oil slick depending on the meteocean conditions prevailing 
during the scenario. The oil slick migrates towards the coast 
under the influence of the westerly trade winds. Evaporation is 
higher in the case of the surface blowout. This difference is due 
to the hydrocarbon released: the density and viscosity of the oil 
are lower than the marine diesel fuel oil.   
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